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Abstract 
Lubricants and leather dressings are the most common treatments of dry and water logged 
historical leathers. Color change has a great importance during the time and treatment 
process, due to visual and aesthetic values of historic leather relics. Polyethylene glycol 
(PEG) and silicone oil (SiO) are frequently used leather dressings in the conservation 
procedures. Therefore, color stability of treated leathers with PEG and SiO were investigated 
before and after heat accelerated aging. Moreover, application of ascorbic acid was 
evaluated as an antioxidant additive for PEG (PEG+AA).Color change after treatment and 
aging were studied by colorimetry technique in the CIE *L*a*b system. Results indicated to 
severe color alteration in PEG treated and aged leathers with or without ascorbic acid. 
Whereas, SiO treated samples showed better stability and minimum color shift after aging. 
Silicone oil was characterized as the best dressing for historical leathers with compared to 
PEG and PEG+AA, due to its high stability and aesthetical properties. 
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Introduction 
 
Leather making is one of the oldest technologies. A significant division of the cultural 
properties in museums and archives involves the leather relics. Conservation and restoration 
has a critical importance regarding to the cultural values. Historical relics such as clothing, 
shoes, book bindings, ethnographic objects and etc. have been made of leather. Leather 
artifacts rarely discovered in historical sites and Degradation factors affect the leather in the 
archives due to its organic degradable structure. Fredericks (1997) identified five degradation 
factors over the time include relative humidity and temperature and their effects on the 
moisture content of the skins, chemical decay, biological attack, mechanical damage from 
incorrect handling, and inappropriate conservation treatments (Kelly 2004).In general, 
deterioration of leather is a chemical process. There are a great number of contributing 
factors. Its combination with the complicacy of the leather and tanning chemistry, leads to 
various deterioration mechanisms. Environmental condition influences the deterioration 
procedure, absorption of moisture (water), heat, light, pollution, oxygen and heavy metals into 
the leather and alternates harmful results (Ludwick 2012). But one of the most prominent 
deterioration of historical leather is excessive drying and brittleness. This phenomenon has 
resulted problems for the leather relics, especially book bindings due to their use and 
necessity of opening and closing. The use of leather dressings during the conservation 
process is usually essential to avoid this type of damage. However, numerous reports have 
been published about the destructive effects of traditional leather dressings (Blaschke 2012; 
Carrlee 2012; Knuutinen & Sallas 2005; McCrady& Raphael 1993). Selection of any 
conservation treatment requires the evaluation of treatment material and its possible 
alteration during the time. In this study two treated leathers with silicone oil and polyethylene 
glycol were investigated to assess color change and its stability after accelerated aging. 
Polyethylene Glycol (PEG) and Silicone oil (SiO) are common materials in the conservation 
of dry and waterlogged leathers (Hamilton 1999, Smith 1997; Smith & Hamilton 1998a, b; 
White 2008; Ludwick 2012). Also, Application of acid Ascorbic as an antioxidant of PEG was 
evaluated. The visual and aesthetic values are so important characteristics of the leather 
objects and elucidation of the treatments are essential in order to preserve these 
characteristics. Colorimetry is a common method for this type of study. Many color models 
have been developed to monitor some specific tasks in color processing. The most used 
color models are the perceptually uniform models CIE L*a*b* and CIE L*C*H* because of 
their features as human vision and the underlying both the color components (color lightness 
–L*, color coordinates: ±a* – reddish/greenish and ±b* – yellowish/bluish) and the color 
difference (ΔE*ab) (Herascu et al. 2008). Already, this method has been used in the field of art 
works and conservation of cultural properties (Herascu et al. 2008; SalehiKakhki et al. 2014; 
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Lorusso et al. 2007; Bradley et al. 2006). Inthis paper, the CIE L*a*b* model has been used, 
to evaluate the color changes that may occur after treatment and accelerated aging.  
 
Materials and Methods 
 
Leather treatment and accelerated aging 
 
Samples were prepared from goat skin. It was traditionally tanned by vegetable tannins and 
lubricated with animal tallow, three years ago in a village of southern Khorasan province of 
Iran. Samples were aged by heat accelerated process to simulate the historic leathers. Aged 
samples (3 repeat)were treated with silicone oil, polyethylene glycol (30% v/v in ethanol) and 
polyethylene glycol with ascorbic acid as an antioxidant additive (0.5% w/w in 30% v/v PEG in 
ethanol: PEG+AA) in a vacuum tank at 170 mmHg pressure for 21 hours. Then, the samples 
were brought out and excessive liquid was removed on dryer paper. Then, samples were 
dried in a desiccator. After treatment, the leather samples were aged again. The aging 
process was accomplished according to ISO/DIS 17228: 2005 standard. Samples were 
heated in the oven at a 100 °C temperature for 72 hours before and after treatment. They 
were classified according to Table 1. 
 
Table1. Characterization of samples used in leather treatment  
 
Colorimetery 
 
Color change of grain and flesh side of leather samples was studied after treatments and 
accelerated aging by application of CIE L*a*b*colorimetery method. Color values were 
measured ten times for each sample (grain and flesh side separately). The colorimetric 
properties were analyzed with Salutron® Colortector Alpha apparatus (Salutron technology, 
Treatment  Sample  Code Repeat 
untreated 
Untreated and no age  Or 3 
Untreated after first age Or-A 2 
Untreated after second age Or-AA 3 
PEG 600 
Treated after first age PT 3 
Treated After second age PT-A 3 
PEG 600 + 
Ascorbic acid 
Treated after first age PAnT 3 
Treated After second age PAnT-A 3 
Silicone oil 
Treated after first age SiT 3 
Treated After second age SiT-A 3 
COMESA 
Leather and Leather Products Institute 
Journal of Africa Leather and Leather Products Advances 
ISSN: 2410-0838 
2014, Vol. 1, No. 1 
http://jallpa.comesa-llpi.org  Leather for Health, Wealth and Luxury! 27 
Germany) as a portable colorimeter in terms of CIELab color coordinates [L* (brightness), a* 
(red - green) and b* (yellow - blue)], and the total color difference (ΔE) was calculated 
according equation 1. 
Equation 1.∆E =  [(∆L)2 +  ∆a 2 +   ∆b 2](Herascu et al. 2008) 
∆L*= L*2-L
*
1 
∆a*= a*2-a
*
1 
∆b*= b*2-b
*
1 
 
 
Results and discussion 
 
Table 2 shows the average of color data in the grain side for L*a*b* color model. 
 
Table 2.Average of colorimetric properties (L*, a*, b*) in the grain side after treatment 
and aging 
leather groups / average of CIE lab parameters 
L*, a*, b* 
A-SiT SiT A-PAnT PAnT A-PT PT AA-Or A-Or Or 
23.08 23.5 19.2 24.78 20.22 23.85 22.12 23.97 25.87 L* 
0.5 1.3 0.6 0.7 0.1 0.8 0.2 0.9 1.1 
Standard 
Deviation 
2.76 3.62 0.92 6.13 0.45 5.1 3.07 3.65 6.4 a* 
0.9 1 0.1 0.8 0.3 0.7 0 1.2 2.1 
Standard 
Deviation 
3.32 4.20 2.51 6.48 2.89 6.43 3.85 4.76 6.16 b* 
0.5 0.6 0.3 0.9 1.6 1.2 0.5 0.4 0.6 
Standard 
Deviation 
 
L* refers to the lightness of the sample (black=0 to white=100). A positive value of a* and b* 
indicate to red purple and yellow, while negative values refer to green and blue 
respectively(Figure 1).  
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Fig.1. CIE Lab color space 
 
Figure 2 signifies the changes of lightness in the grain side after treatment and accelerated 
aging. This figure indicates to increase of darkness during the aging process. PEG+AA 
treatment is associated with a small increase of brightness; whereas PEG and silicone oil do 
not show significant change. The important point is color changes of leathers after artificial 
aging.PEG (PT) and PEG+AA (PAnT) treated with have been severely darkened after the 
aging process. SiO treated (SiT) showed high stability of brightness after aging. In addition, 
the shift of brightness and visual change in PAnT is more severe than PT. Therefore ascorbic 
acid did not show any positive effect on color stability of PEG treated leathers as an 
antioxidant. 
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Fig. 2. Brightness (L*) measurement on the grain side of leather samples  
 
Variations of a* and b* parameters of grain side have been shown in Figures 3 and 4. It 
shows their decrease after aging process. SiO has minor effect after treatment and showed 
maximum stability during accelerated aging. These parameters have been increased after 
PEG treatment with or without ascorbic acid, whiles indicated to great decrease after the 
aging process.  
 
 
 
 
 
Average of color measurements on the flesh side presented in table 3. 
 
 
Table 3. Average of colorimetric properties (L*, a*, b*) in the flesh side after treatment 
and aging 
Leather groups / average of CIE lab parameters 
L*, a*, b* 
A-SiT SiT A-PAnT PAnT A-PT PT AA-Or A-Or Or 
18
19
20
21
22
23
24
25
26
27
Before aging First aging Treated Second aging
Or PT PAnT SiT
0
1
2
3
4
5
6
7
Before aging First aging Treated Second aging
Or PT PAnT SiT
2
3
4
5
6
7
Before aging First aging Treated Second aging
Or PT PAnT SiT
Fig. 3. Change of red/green parameter (a*) in 
grain side 
Fig. 4. Change of blue/yellow parameter (b*) in 
grain side 
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25.17 
25.6
6 
22.18 32.89 
22.0
6 
30.9
8 
29.63 
34.6
1 
37.3
6 
L
*
 
0.5 2.1 0.9 1.4 0.4 1.6 1.3 1.1 2.2 Standard Deviation 
7.4 7.26 5.37 12.28 6.58 11.72 10.46 11.45 11.72 a
*
 
0.9 1.1 0.9 0.7 0.2 0.5 0.6 0.1 0.3 Standard Deviation 
8.5 9.03 6.76 15.77 7.56 
14.7
7 
13.61 
15.9
1 
16.8 b
*
 
1.1 0.6 1.1 1.5 0.3 0.6 0.9 0.2 0.7 Standard Deviation 
 
There is more color change of SiT samples with compared to PT and PAnT on flesh side 
before aging. It was resulted from full saturation with lubricants and its aggregation in flesh 
side (figures 5, 6 and 7).The significant point is great stability of SiT samples, whereas PT 
and PAnT samples showed more decrease in CIE lab parameters after accelerated aging.  
 
 
Fig. 5. Brightness (L*) measurement on the flesh side of leather samples  
 
 
 
 
Results indicate to great color stability and better efficiency of Silicone oil for preserving of 
21
23
25
27
29
31
33
35
37
39
Before aging First aging Treated Second aging
Or PT PAnT SiT
5
6
7
8
9
10
11
12
13
Before aging First aging Treated Second aging
Or PT PAnT SiT
6
7
8
9
10
11
12
13
14
15
16
17
18
Before aging First aging Treated Second aging
Or PT PAnT SiT
Fig. 6. Change of red/green parameter (a*) in 
flesh side 
Fig. 7. Change of blue/yellow parameter (b*) in 
flesh side 
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visual and aesthetic values of leather relics after accelerated aging process with compared to 
polyethylene glycol (with or without ascorbic acid). 
Color Change results from production of double bonds in organic materials, which act as the 
chromophoric groups (Timar-Balazsy and Eastop 2012: 17; Crabbe 1971: 150; Jones 2002). 
According to results of FTIR spectroscopy, oxidation of PEG produces new carbonyl groups 
as chromophoric agent (koochakzaei et al. 2014). Thermo-Oxidation mechanism of PEG is 
shown in scheme 1, regarding to Lai and Liau 2003. In the beginning, PEG is oxidized to 
α-hydroperoxide form. Due to thermally labile of this peroxide, it can be decomposed by a 
radical mechanism. The degradation products are ultimately transformed to formic esters, a 
product with carbonyl groups, which can be results to formation of formic acid.  
 
 
Scheme 1.The mechanism of thermal oxidation of polyethylene glycol, according to Lai 
and Liau 2003 
 
Figure 8 shows a diagram of the total color difference (ΔE) of before and after treatment and 
aging process. It signifies low change in ΔE of leathers treated with silicone oil before and 
after aging.The aggregation of silicone oil on flesh side indicated to color change after 
saturating. But, it showed a great stability of ΔE after accelerated aging. In general, there is a 
better stability of silicone oil-treated samples with compared to untreated samples. In addition, 
ascorbic acid was not effective as an antioxidant for color stability of PEG treated leather after 
aging. The visual properties of leathers confirms the colorimetery results (table 4).  
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Fig. 8. Total color difference of leather samples (ΔE) 
 
Table 4. The visual properties of leather samples during treatment and aging 
 
Conclusion 
The results suggest that the polyethylene glycol has not appropriate color stability as a 
leather dressing material. Polyethylene glycol may results to great color change of leather 
which indicates to alteration of aesthetical values of the historical objects. Ascorbic acid as an 
antioxidant did not improve efficiency and color stability of polyethylene glycol treated 
leathers. Even though, it results to more severe color changes. Assessment of silicone oil 
treated leathers indicated to high color stability. Therefore, silicone oil characterized as a 
untreated-treated (grain 
side)
treated-aged (grain side)
untreated-treated (flesh 
side)
treated-aged (flesh side)
Or 0 2.142 0 5.575
PT 2.215 6.88 3.814 12.589
PAnT 2.92 8.605 1.915 15.609
SiT 0.732 1.3 12.024 0.757
0
2
4
6
8
10
12
14
16
Δ
E
Step 
Treatments 
Untreated PEG PEG+AA Silicone oil 
Grain 
side 
Flesh 
side 
Grain 
side 
Flesh 
side 
Grain 
side 
Flesh 
side 
Grain 
side 
Flesh 
side 
No age 
        
First 
age/treat
ed         
Second 
age 
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more appropriate treatment for leather dressing with compared to polyethylene glycol, 
regarding to visual values of leather relics.  
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